SUMMARY
The use of smaller gauge spinal needles with special tip designs has led to a reduced rate of complications following subarachnoid block (SAB). However, the problem of tissue coring exists, whereby the advancing spinal needle carries pieces or threads of epidermis into its lumen. These are then injected into the subarachnoid space with the local anaesthetic solution 1, 2 . This is a common phenomenon during lumbar puncture (LP) and is associated with adverse outcomes, the foremost being iatrogenic epidermoid tumours, which comprise less than 1% of intraspinal tumours 3, 4 . The first clinical association of LP with epidermoid tumours was made by Choremis et al in 1956 , the risk factors being multiple punctures and use of spinal needles without introducers and stylets [5] [6] [7] .
Other causes of acquired epidermoid tumours are penetrating trauma, needle biopsy, myelography or a surgical procedure 8 . These tumours may develop two to 10 years following LP 6, 7 . Several studies have shown that the incidence of tissue coring may be reduced by the use of small gauge, pencil point needles with a stylet via an introducer 1, 2, 9 . It has also been suggested that discarding a few drops of cerebrospinal fluid (CSF) from the spinal needle before injecting the local anaesthetic into the subarachnoid space may help in clearing the needle of tissue cores
1 . This was a preliminary study designed to increase information about tissue coring. The aim of the study was to test the hypotheses that SAB as a part of combined spinal epidural (CSE) technique, using a thin gauge pencil point spinal needle passing through an epidural needle, introduces a lesser number of epithelial cells into the subarachnoid space compared with isolated SAB without the use of an introducer, and that after LP the initial few drops of CSF have a higher number of epithelial cells than the subsequent sample. The primary objective of the study was to detect the presence of epithelial cells in the CSF of the collected samples, to obtain pilot data for a future large randomised trial.
METHODS
Following hospital ethics committee approval and written informed consent, 107 patients of both genders, American Society of Anesthesiologists physical status I to III, scheduled to undergo elective infra-umbilical surgery, were recruited into the study. Patients with local skin infection, a deranged coagulation profile or on anticoagulants, or those not consenting to regional anaesthesia were excluded from the study. Patients requiring more than one attempt for the SAB or having a bloody tap were also excluded from the study. All patients received appropriate premedication as per their medical condition.
The patients were divided into two groups: A (n=53) and B (n=54) depending on the duration of surgery. Patients with an expected duration of surgery of more than two hours received CSE while the others received an isolated SAB. Patients in group A received SAB with a 27 G styletted pencil point needle as part of a CSE block, while patients in group B received a SAB with a 25 G styletted Quincke spinal needle inserted without the use of an introducer.
All anaesthetics were conducted by the first two authors. The block was administered using the midline approach at L2-3 or L3-4 interspace, for awake patients positioned in the lateral decubitus position. Under sterile conditions, the skin of the patient's back was prepared with povidone iodine 10% w/v applied thrice and wiped off after three minutes. Local anaesthetic infiltration was with 2% lignocaine and the entry point of the CSE/spinal needle was different from that of the local anaesthetic needle. In group A, a CSE kit (CSEcure, Portex ® , 27 G/18 G, UK) was used. An 18 G Touhy-Huber epidural needle, with the stylet in place, was inserted through the skin. The epidural space was located using an airfilled loss of resistance syringe and a 27 G pencil point spinal needle introduced through the Tuohy needle. In group B patients, the SAB was performed with a disposable 25 G Quincke needle (Becton Dickinson, Spain) without an introducer. All needles were inserted with their stylets properly engaged in the hub of the spinal needle. After advancing the spinal needle into the subarachnoid space, the stylet was removed to verify the presence of free flowing CSF through the transparent hub of the needle. The initial four to six drops of CSF in both groups were collected in a sterile tube (sample 1). The next four to six drops of CSF were discarded and then a second sample of another four to six drops was collected in another sterile test tube (sample 2). The local anaesthetic solution was then injected into the subarachnoid space followed by epidural catheter insertion in group A patients. An independent observer, blinded to the group allocation, assigned a new code to the collected samples and labelled them accordingly. The CSF samples were sent to the laboratory for cytological examination by an anaesthetist who was blinded to the study groups and the sample coding. The primary outcome of interest was the cell count in the CSF sample and no formal power analysis was performed.
CYTOLOGIC EXAMINATION
The CSF was cytocentrifuged (Thermo Scientific Shandon Cytospin 4 Cytocentrifuge, UK) at 1500 rpm for five minutes. Cytocentrifuged cytospin smears were air dried and subjected to Papanicolaou and Geimsa staining. The slides were examined under low-power (10×) and high-power (40×) objectives of a light microscope. An oil-immersion objective (100×) was used to verify the presence of epithelial cells and to perform cell counts 10 . The cell count was expressed as number of cells per 2.2 mm 2 area.
DATA ANALYSIS
The primary variable was the presence of the epithelial cells, which are normally absent in the CSF. Therefore, the very presence of even a single epithelial cell denotes tissue coring. Data are presented as numbers, mean ± standard deviation, or median, interquartile range as applicable. Continuous variables were compared using Mann Whitney and Wilcoxon Signed-Rank tests while for categorical variables, Fisher's exact test was used. P values <0.05 were considered statistically significant. The results were analysed using SPSS software (version 17.0; SPSS Inc., Chicago, IL, USA).
RESULTS
One hundred and seven patients undergoing elective urology and general surgical procedures under CSE or SAB were enrolled and seven excluded (three from group A, four from group B) from the study: five patients needed more than one attempt to achieve successful spinal block and two patients had bloody CSF. The patients' characteristics are shown in Table 1 . Both the study groups had predominantly male patients and the mean age was higher in group A than in group B.
Significant tissue coring occurred in both groups, the incidence being 48/50 (96%) in group A and 44/50 (88%) in group B (P=0.142) with an overall incidence of 92%.
The median (interquartile range) number of cells in group A for sample 1 was 6 (3 to 12.5) and for sample 2, 6 (3 to 10). In group B, this was 3.5 (1 to 10) for sample 1, and 4 (1 to 8) for sample 2 (P=NS) ( Table 1 ). The intragroup comparison showed no significant difference in cell count when samples 1 and 2 were compared within each group (Group A, P=0.29: Group B, P=0.959).
DISCUSSION
This prospective, single-blind study found a very high incidence of coring in both groups. The use of a needle-through-needle CSE technique did not reduce the incidence of coring, as demonstrated by a comparable number of epithelial cells in each group. Discarding the initial eight to 12 drops of CSF did not lower the incidence of epithelial cell recovery.
Coring is a process by which pieces of tissue are removed by a needle as it passes through the tissue 11 . By tissue coring, spinal needles may carry foreign material into the subarachnoid space. Although uncommon, epidermoid tumour is a potential complication that presents several years after single or multiple LPs and is thought to result from intradural implantation of epithelial tissue 6, 12 . A history of LP may be the clue to the diagnosis of intraspinal tumorous lesions 7 . Since epidermoid tumours are slow growing, it is very difficult to prove that the tumour results as a direct complication of the LP. Nevertheless the lumbar region is the favoured site of intradural extramedullary epidermoid cysts and 41% of patients with intraspinal epidermoid tumours have a history of LP 13 . Repeated LP may sometimes be responsible for these cysts, especially in children who have undergone numerous LPs for the diagnosis of tuberculous meningitis 5 . LP is routinely performed in neonates as part of an 'infection screen' when there is a suspicion of systemic infection 14 . A needle without a stylet is often used in neonates and children, which may further predispose this subpopulation to implantation epidermoid tumour.
Apart from epidermoid tumours, postdural puncture headache, chemical and septic meningitis are adverse outcomes reported following tissue coring 2,15-17 . Such phenomena are found even in association with 22 G or smaller spinal needles 1, 8 . There are several markers of tissue coring, such as the presence of epithelial cells, fat and blood clots in the CSF, on the outer surface of the spinal needle or in the washings from the inside of the used spinal needle. In our study, we used the presence of epithelial cells in CSF as a marker of tissue coring.
Factors that affect tissue coring include needle gauge, tip design and hollow versus styletted spinal needles 1, 2, 18 . In our study, we compared 27 G pencil point needles as part of a CSE technique with 25 G Quincke needles without an introducer used for an isolated SAB. Use of an introducer, lancing the skin before placing the spinal needle and discarding the initial few drops of CSF are measures that have been suggested to reduce the incidence of tissue coring 1, 2, [15] [16] [17] 19 . Tunali and colleagues conducted a study to detect epithelial cell transfer in patients undergoing CSE interventions. Using a cytocentrifuge method, they analysed the CSF and spinal and epidural needle washings for epithelial cells and detected them in the CSF of 6.9% of the study patients 20 . Various other studies have reported an incidence of tissue coring of 15 to 80% after examining the tips and the shafts of the used spinal needles 1, 2, 18, 19 . The incidence of tissue coring as detected by presence of epithelial cells in CSF was higher in our study than previously reported. This difference might be explained by the different cytological processing techniques used 21 . The cytospin technique we used is more appropriate for small samples. This technique does not require repeated centrifugation, leading to excellent cell recovery with respect to both cell yield and preservation of cells 10 . The design and the gauge of the needle appear relevant, because pencil point needles are associated with a lower incidence of coring than Quincke needles of the same gauge (41 vs 80%) 1 . We compared the 27 G pencil point needle used as part of a CSE technique, with the 25 G cutting (Quincke) spinal needle used for an isolated SAB, because these are the most commonly employed needles and techniques in our setting. In a cadaveric study, Puolakka et al compared spinal needles with three different tip designs (modified Quincke, modified Sprotte and modified Whitacre). They inserted spinal needles with their stylets in place, and a separate 20 G 30 mm introducer needle was used for each puncture. They reported the presence of foreign material in 44% of 27 G spinal needle tips and the most important attachments were detected within a needle of cutting tip design (56%) 9 . Our first hypothesis, that the SAB given as a part of CSE would reduce the introduction of epithelial cells into the subarachnoid space compared to isolated SAB given directly without the use of an introducer, was not supported. The use of an introducer is said to ease insertion and reduce contamination and deviation of small gauge needles. In the needle-through-needle CSE technique, the Tuohy needle acts as an ideal conduit or introducer through which the spinal needle is introduced as far as the epidural space 22 . No significant difference in coring was observed between the two groups in our study, probably due to the disparity between the inner diameter of an 18 G Tuohy epidural needle and the outer diameter of a 27 G pencil point spinal needle.
Though the use of an introducer avoids direct contact between the skin and the spinal needle, the introducer itself may also core tissue
2
. The epithelial cells near the bevel and the distal opening of the introducer needle could then be transmitted to the tip of the advancing spinal needle and later transferred to the subarachnoid space and circulating CSF 20 . In our study, the higher number of epithelial cells in CSF noted with the CSE technique was not significant and may have been due to chance. It has been advocated that the introducer should also have a stylet when initially placed through the skin, in order to avoid tissue coring within the introducer 2 . In a study of CSE interventions where the spinal needle was advanced through the epidural needle, epithelial cells were detected on the outer surface of the epidural needle in 33.3% of cases and in the internal washings of the epidural needle in 26.7% of cases 20 . Lancing the skin or making a skin nick prior to the insertion of the spinal needle and inserting it through this opening has been recommended to prevent the introduction of dermal tissue in the subarachnoid space 11, 23 . We did not employ these techniques in this study.
Our second hypothesis was that after LP, the initial drops of CSF draining out of the spinal needle would have a higher number of epithelial cells than the ensuing sample. Again, in this small pilot study, the difference was not statistically significant. This may have been due to the extraneously introduced epithelial cells being distributed rapidly into CSF soon after introduction such that discarding a few drops of CSF did not reduce the epithelial cell load, or because CSF backflow was of insufficient force or volume to dislodge epithelial cells adherent to the bevel or lumen of the needle. We decided against discarding a higher volume of CSF because of the theoretical possibility of causing low pressure postdural puncture headache.
Our study has some limitations. First, we did not carry out microscopic examination of the used spinal needles or the washings obtained from inside of the needles. Second, our study patients were not randomised since we do not consider it desirable to use CSE for short surgical procedures. Lastly, it was impractical to conceal the equipment used for each respective block, but the haematologist involved was blinded to the study group allocation and sample coding.
In conclusion, we found a very high rate of tissue coring with both the 27 G pencil point and 25 G Quincke spinal needles. Our hypotheses that using the CSE technique and discarding the initial drops of CSF would help to reduce the epithelial cell load after a LP were not proven. Further research with a large sample size is required to compare the incidence of tissue coring from a CSE or SAB using a styletted introducer and the same gauge and type of spinal needle.
